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ARMY STANDARD UNI T OBJECT

1. | NTRODUCTI ON

This report documents the devel opnent of the Arny standard
Unit Qbject. For this effort, the definition of a Unit
enconpasses mlitary organi zations that represent collections of
entities (e.g., people, vehicles, weapon systens, etc.).
Exanpl es of this definition include organizations (i.e.,
conpani es, battalions, brigades, divisions, etc.) as well as
functional groups (e.g., Tactical Operations Centers and Fire
Control Centers). These types of groups are typically used in
simul ati ons where the interest is in representing the sum or
aggregat e perfornmance and/ or behavi or of the group versus
representing the performance, behavior or characteristics of the
i ndi vi dual el enents that conpose the group. Sinulations that
typically exercise this structure are known as “aggregate-|evel
si mul ations.”



2. BACKGROUND

Many of the current Arny and Joi nt nodel devel opnent
efforts have enbraced the use of bject Oiented Progranmm ng
(OOP) for their nodel devel opnent efforts. As a result, there
has been a proliferation of conpeting object nodels. In 1QFY97,
t he Deputy Undersecretary of the Arny for Operations Research
(DUSA(OR)) fornmed an Object Managenment Working Goup (OMWAMG to
propose a policy addressing the need for standards associ ated
with Army M&S objects. The proposed policy devel oped by the
OMAG recommended that the Arnmy focus on a high-1evel object
cl ass structure, independent of any specific sinulation
environnent. This would all ow M&S devel opers to tailor the
hi gh-1 evel object standards to their specific applications
t hrough | ower-level class/ instantiations that extend the
standards to a specific M&S requirenent. The overall inpact in
t he devel opment of standard abstract objects will be to organize
future M&S al ong a common object structure to support
i nteroperability, object reuse, and community understandi ng of
the M&S. The proposed policy was briefed by the OWMG to the
DUSA(OR) and was accepted in principle. AMO subsequently
formed the Cbject Managenent Standards Category (QOVSC) in Apri
1997 to initiate the proposed policy. The OMSC m ssion is to:

devel op abstract objects for Army M&S functions,

identify the m nimum set of object nethods/public data
associated wth the object function, and

link the object nethods to standard al gorithns/data
sources obtained fromthe other AMSO standard categori es.

The OMSC is conprised of M&S practitioners to include those from
the foll ow ng agenci es:

Arny Materiel Systens Analysis Activity (AVMBAA) -- serves
as the OVBSC Coordi nat or;

Concepts Anal ysis Agency (CAA);

Nat i onal Sinulation Center (NSC);

TRADOC Anal ysis Center - Ft. Leavenworth (TRAC- FLVN);
TRAC- Monterey ( TRAC- MIRY),

TRAC- Wi te Sands M ssil e Range (TRAC-WSMR); and

Si mul ation, Training, and |Instrunentation Comand

(STRI CO) .



3. APPROACH

During the initial stages of devel oping a policy on objects,
AMSO funded the U.S. Arny Training and Doctrine Conmmrand ( TRADOC)
Anal ysis Center, Mnterey, California (TRAC-MIRY) to performthe
“Standard Army Model i ng and Sinul ati on Qbject (SAVBO) Study”?.
The study proposed an object devel opnment approach based on
obj ect conposition. The OVSC revi ewed the SAMSO approach and
adopted it for use in developing Arnmy Standard objects. A paper
descri bi ng the conponent approach to nodel devel opnent is
provi ded i n Appendi x A

As a part of the SAMSO study, the study team devel oped
sanple Platformand Unit Objects. The OVSC sel ected the sanple
Unit Object design as the initial prototype for developing a
standard Arnmy Unit Object. To explore the capability of the
Unit Object to address expected M&S unit inplenentations, the
OMSC conducted a test application. The sinulation chosen for
the test application was the Arny Warfare Sinulation (AWARS)

The results of this test application were used to refine the
Unit Object. Additionally, to gain a broader perspective on the
application of the draft Unit Object to other M&S domains, the
revised draft Unit Object was provided to the Arnmy MS
Management Program Working Goup (AMSMP W5 2 and to the Arny M&S
Standard Categories for review. Coments were collected and
reviewed to determne if any changes to the Unit Object were
needed to address M&S requirenents. Based on these reviews, an
updat ed version of the draft Unit Object was devel oped and
submtted to the Standards Nom nation and Approval Process
(SNAP) and to the Arny Standards Repository System (ASTARS).

! Buss, Arnold, and L eroy Jackson (September 1997), “ Standard Army Modeling and Simulation Objects: Interim Report”, US
Army TRADOC Analysis Center — Monterey.

2 Renamed as the Palicy & Technology Working Group



4. I NI TI AL DESI GN

An out put of the SAMSO Study was a draft Platform Object
and Unit Qbject. (The results of the work on the Platform
bj ect are described in AVSAA TECHNI CAL REPORT NO. TR-634).
Menbers of the SAMSO study teamrevi ewed docunentation froma
nunber of existing and devel oping Arny nodels. The nodel s
reviewed included: Eagle; Integrated Theater Engagenent Model
(ITEM; Joint Warfare Simul ation (JWARS); Modul ar Sem - Aut omat ed
Forces (MbdSAF); and Warfighter Sinulation (WARSIM 2000. Based
on this research, the study teamidentified a set of conponents
that were common to the units represented in the nodels.® This
Initial Unit Design (1UD) is shown in Figure 1.

Unit

status

I

0+ 0+ l 0+ 0+
Logistics C? Unit Platform
id
side location
type net location side

posture

mission
receive() sendMessage () causeAttrition ()
expend() receiveMessage () determineAittrition () assessDamage()

moveTo()

Figure 1. Initial Unit Object Design.

3 Cotton, Arthur L. |11 (September 1997) “Development of Standard Unit-Level Army Object Model”, MS Thesis, Department
of Operations Research, Naval Postgraduate School.



5. TEST DESI GN — AWARS UNI T OBJECT

The basi ¢ phil osophy behind the devel opnent of any standard
object is its use as a building block in the devel opnent of
nodel -specific objects. In order to determne the utility of
t he proposed standard Unit Object, the I UD was used to devel op
sanple Unit Objects conpatible with an aggregate-type nodel .
The nodel used to test the 1UD was the Arny Warfare Sinul ation
under devel opnment at TRAC- FLVN.

AWARS is a corps/division-level, |owresolution, command-
and-control nodel. As a corps-level nodel, AWARS will integrate
units frombattalion through corps to represent a conbi ned-arns
battlefield. AWARS will replace both the Eagle and Vector-In-
Commander (VIC) nodels. The AWARS nodel uses an object oriented
design that shares many el ements in common with the Eagl e nodel .*?

On Novenber 12-14, 1997, the SAMSO study director (Major
Jackson), nenbers of the OVSC (Don Hodge) and the AWARS desi gn
team (M ke Hannon, Terry Gach, M ke Fraka) net to apply the 1UD
to the devel opnent of an AWARS-conpatible Unit Object. The
resul ting object was conposed of el even conponents, with five
comng fromthe IUD. Figure 2 shows the conposition of the
resul ti ng AWARS- conpatible Unit Object design.

An assessnent of the utility of the 1UD to support
devel opnment of AWARS-conpatible unit objects identified a nunber
of issues. On the one hand, all of the |IUD object conponents
were used in the AWARS Unit Object with little or no
nodi fication. As would be expected, the AWARS Unit Object
design did contain nodel -specific additions to the 1UD, but the

nunber of these additions was small. The small nunber can be
attributed to the fact that AWARS is based on an object oriented
design and, as the nodel is still under devel opnent, the design

team focused on the required generic elenents versus capturing
i npl enent ati on-specific details.

* The Eagle model was developed from an object oriented design and was written in the Common Lisp Object System (CLOS)
language.



Unit

getLocation ()
getSpeed()
getMvmtDirection ()
getID()

getSide()
getPosture ()
getStatus ()
getMission ()
getEchelon ()
move()

look()
determineAttrition ()

|
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Geometry Communications SystemGroup FireSupport Logistics Attrition Cc2
getShape () getNet() getQty () coordinateFireSupport () receive() causeAttrition () doC2()
getOrientation () | | setNet() acceptLoses ()
getLocation () sendMessage () acceptGains ()

receiveMessage ()
1+ 0+ 0+
Platform Maintenance Supply

getRemainingCapacity ()
getTotalCapacity ()
getQtyOnHand ()
expend()

Figure 2. AWARS Unit Object Design.

On the other hand, there were several additional object
conponents added to the 1UD that represent functions that are
generic in nature and woul d be required for aggregate-type Unit
(bj ects. One of these additional conponents addresses the
requi renent to provide a description of the physical
characteristics and conposition of aggregate-type units.
Specifically, all aggregate-type units occupy and/or are
responsi ble for a given anount of terrain. Sone nethod needs to
be available to represent this footprint (i.e., area and
orientation). Additionally, aggregate units are, by definition,
conposed of a nunber of individual systens. The nunber and type
of each systemfigure into the attrition, nobility, and
| ogi stics calculations. Another area relates to the concept of
command and control. Again, by their nature, aggregate units
need to represent the ability to command and control subordinate
units. A third area is reflected in the AWARS conponent
“ATTRITION.” Current Arny-accepted attrition methodol ogi es
differ according to the damage-causi ng nechanism Unli ke
entity-type objects that contain only one type of damage-causing



mechanism (i.e., direct fire versus indirect fire), aggregate
units can contain both. This multiple nature needs to be
captured within the object framework. A fourth area relates to
where the nodel cognitivel/ decision making processes shoul d
reside. In nost sinulations, there are identified decisions
and/ or choices that are required as a sinulation executes. For
aggregate-type units, there are both behaviors (e.g., how does a
battali on conduct a hasty attack) as well as cognitive/decision
maki ng/ pl anni ng processes. The IUD structure, as used during

t hese sanpl e object devel opnment efforts, did not contain a clear
| ocati on or conponent to host these types of behavior/cognitive
processes.



6. UNI T OBJECT DESI GN REVI EW

After the test application using the AWARS sinul ation, the
OVMSC net to agree on required nodifications to the draft Unit
bject. In addition, the nodified draft design for the Unit
bj ect was provided to a nunber of groups throughout the Arny
for review and conment. These groups included the Arny Mdel
and Simul ati on Managenent Program Wr ki ng Group (now the Policy
and Technol ogy W5 and the Arnmy Moddel and Sinul ation Standards
Category Commttees. The reviewresults included witten input
fromthe WARSI M si mul ati on devel opers and the | ogistics
community. The results of the OVSC review along with a sunmary
of the other comments are provided in this section.

6.1 OWSC Review. On Novenber 18-19, 1997, the OVSC net to
review the results of the Unit Object design test efforts. The
menbers present for this neeting were Brad Bradl ey (Chairman),
Don Hodge (AMSAA), John Shepherd (CAA), Sean Macki nnon and Kevin
G pson (NSC), M ke Hannon and Terry Gach (TRAC-FLVN), Major Jack
Jackson (TRAC- MTRY), Carol Denney and Donna Vargas (TRAC- WEVR)
and Ben Paz (STRICOVM). After the review of Unit Object design
test efforts, the OVSC nodified the I1UD in the foll ow ng ways:

1. Added a new conponent (UnitGeonetry) to provide a
description of the geonetry of the unit on the ground,

2. Added a new conponent (Systenoup) to provide a
description of the nunber and types of systens owned by
the unit,

3. Added a new sub-conponent (Platform nformation) to
provi de a location for systemcharacteristics data,

4. Moved the Platform conponent fromdirectly supporting
the Unit Object to supporting the Systenaoup
conponent,

5. Added a new conponent (C2) to provide a location to
pl ace Command- and- Control functions,

6. Changed the attribute data found in the 1UD to met hods
that would return the attribute data, and

7. Added a nunmber of new nethods to the existing
conponents. (e.g. getNet(), setNet(), !l ook(),
get Echel on(), getTotal Capacity(), etc.)

The interimdesign is shown in Figure 3.



Unit

getlLocation()
getSpeed ()
getMvmtDirection ()
getID()

UnitComponent getSide ()
getPosture ()

getStatus () getStatus ()
getMission ()
getEchelon ()
move()

look()
determineAttrition ()

E g Lo § e § e § e

UnitGeometry Communications SystemGroup Attrition Logistics c2
getShape () getNet() getQty () causeAttrition () receive() doC2()
getOrientation () setNet() acceptLoses ()
getLocation () sendMessage () acceptGains ()

receiveMessage ()
o+ o+ 0+ 0+
Platforminfo Platform Maintenance Supply

getRemainingCapacity ()
getTotalCapacity ()
getQtyOnHand ()
expend()

Figure 3. OVSC InterimUnit Object Design.

6.2 ARES Review ARES is a multi-resolution, Joint-force,
theater-level nodel. ARES is being devel oped by the General
Research Corporation for the Concepts Anal ysis Agency to address
a broad spectrum of regional conflicts. As a multi-resolution
nodel ARES can portray a w de spectrum of nodeling entities
rangi ng froma single sensor systemto an Arny Corps containing
t housands of systens. ARES is based on an object oriented
design. The interimUnit Cbject design was reviewed by both the
government and contractor ARES design teans. Their assessnent
was that the proposed interimUnit Object design could have been
used to build ARES. They made no recomended changes based on
this review



6.3 WARSIM Review. Representatives fromthe Nationa

Sinmul ati on Center (Sean MacKi nnon and Kevin G pson) did a
conpari son between the interimPlatformand Unit Objects and
simlar objects being devel oped for the WARSI M 2000 pr ogram

(Appendix B). In this review, the authors identified mjor
differences in the organi zation and structure of the two Unit
ojects. In the WARSI M design, the functional elenents of the

OVBC Unit Object were partitioned between three different
objects. Figures 4-6 show the WARSI M obj ects. This difference
is attributable to the different assunptions made i n devel opi ng
each design. The WARSI M 2000 design mrrors the Qperational
Requi renment s Docunent devel oped for the WARSI M 2000 program
The interimstandard Unit Object is oriented around physi cal
processes and functi ons.

AUN_Simulated_Unit
Unit Name
Alliance
Echelon
Effectiveness Status
Current Location
Mission
Parent Unit
Superior Unit
Support Units
Supporting Units
AUN_Unit_Organization |<> AUN_Unit_Command_Node
Equipment List
Personnel List
Q
AUN_SMCO
AUN_Headquarters Unit
Subordinate Unit

Figure 4. WARSIM Unit Model .
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AUN_C2_Resource

| AUN_Terain Map  |——— AUN_Weather_Map |

| AUN_SMCO_Equipment_Data |————| AUN_Behavior_Script |—

AUN_Unit_Behavior

Preconditions
During Conditions
Post Conditions
Entry Criteria
Exit Criteria
Inputs
Outputs

Create()
Update _Task_Info()
Plan()
Execute()
Suspend()
Resume()
Terminate()

A

AUN_Military_Behavior

Script List
Load_Behavior
Select_Script

| AUN_Fundamental_Behavior |

1

I |

| AUN_Physical_Behavior | | AUN_C2_Behavior

Figure 5. WARSI M AUN C2_ Resource (bject Design.

AUN_Unit

AUN_C2_Product

AUN_C2_Resource

AUN_SMCO

AUN_Simulated_Unit

AUN_Unit_HCI

Common Modeling Framework
{Provided by JSIMS}

AUN_Agent

AUN_World_Model

Figure 6. WARSIM AUN Unit Object Design.
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Tabl e 1 provides a conparison between the functions
performed by the conponents of each design. Fromthis table, we
can see that the functions identified in the OVWSC Unit Qbject
are contained in the WARSI M design. The differences between the
two designs relate to the location of some of the functions and
t he nonencl ature used to describe sone of the functions. Based
on this review, no changes were nade to the interimuUnit Cbject
definition.

Table 1. Conparison of OMSC and WARSI M 2000 Functi onal

Conponent s.
OoveC WARSI M
Unit AUN_Simulated Unit

GetlD() Unit Name

GetSide() Alliance

GetEchelon() Echelon

GetStatus() Effectiveness Status

GetL ocation() Current Location

GetMission() Mission

GetSpeed() AUN_C2 Behavior (see Figure 4 for

GetMvmtDirection() details about organization)

GetPosture()

DetermineAction()

Move() AUN_Physical_Behavior (see Figure 4 for
details about organization)

Datalook() AUN_SMCO_Equipment_Data passes
infoto AUN_SMCO

12



Table 1. Conpar

i son of OVBC and WARSI M 2000 Functi onal
Conponents. (Conti nued)

QvisC WARSI M
SystemGroup AUN_Unit_Command_Node
GetQty()
AcceptLoses()
AcceptGains()
Platform AUN SMCO
Geometry AUN_C2 Behavior
GetShape()
GetOrientation()
GetL ocation()
Cc2 AUN_C2 Resource
DoC2()
Attrition AEQ_Equipment sendsinfo to
CauseAttrition() AUN_SMCO_ Equipment Data
L ogistics AEQ_Equipment
Receive()
M aintenance AEQ Equipment
Supply AEQ_Equipment
GetRemainingCapacity()
GetTotal Capacity()
GetQtyOnHand()
Expend()
Communications AUN_SMCO
GetNet()
SetNet()
SendM essage()

ReceiveM essage()

13




6.4 Conbat Service Support (CSS). As a result of discussions
bet ween the OVSC and Logi stics SC nenbers at the May 1998 Arny
M&S St andards Workshop, the OVBC was provided a list of the

m ni mum CSS requi renments to be represented in conbat
simulations. The list is conprised of the follow ng sets:

ARM
- Conduct anmmo transfer operations.
- Account for direct and indirect fire amm by type.

-  Conduct fuel transfer operations, including Refuel On the

Move (ROM .

- Provide visibility of fuel quantities on hand.

MAN & MEDI CAL
- Conduct nedi cal evacuation and treatnent operations.
- Cenerate types of conbat and D sease and Non-Battl e
Injuries (DNBI) casualties.

- Conduct nmi ntenance operations.
- Conduct evacuation and recovery operations.
- GCenerate conbat and reliability failures.

After reviewi ng these requirenents and the interimUnit
(bj ect design, the OVSC addressed each as foll ows:

The Supply Sub- Conponent of the Logistics Conponent of the
interimuUnit Object addresses the foll ow ng CSS el enents:

- ARM - Account for direct and indirect fire ammo by

t ype.
- FUEL - Provide visibility of fuel quantities on hand.

Addition of the nmethod "transfer()" to the Supply Sub-
Component of the interimUnit Cbject will address the
foll owi ng CSS el enents:

- ARM - Conduct ammo transfer operations.
- FUEL - Conduct fuel transfer operations, including ROV

Add t he nmet hod "conduct Mai nt enance"” to the M ntenance Sub-
Conmponent of the Logistics Conponent of the interimUnit
bject to address the follow ng CSS el enents:

- MAN & MEDI CAL - Conduct nedical treatnent operations.
- FIX - Conduct mai nt enance operati ons.

14



Add the nmethod "conduct Recovery" and "conduct Evacuation" to
t he Mai nt enance Sub- Conponent of the Logi stics Conponent of
the interimUnit Object to address the foll owi ng CSS el enents:

- MAN & MEDI CAL - Conduct nedi cal evacuation operations.
- FIX - Conduct evacuation/recovery operations.

Ceneration of conbat casualties and conbat damage shoul d be
addressed by the appropriate nethodol ogies in the
determ neAttrition() nethod of the interimuUnit Cbject.

6.5 Senior Review Comments. A part of the standards

devel opment process includes reviews of all proposed standards
by senior analysts fromthe M&S community. During the review of
the standard Unit bject, the reconmendati on was nmade that the

functions performed by a units sensors (i.e., look, report, etc)
be broken out fromthe main body of the Unit Object and pl aced
into a separate conponent |abeled "Intel”. The design of the

Unit Object was nodified to accommodate this suggestion.

15



7. FI NAL UNI T OBJECT DESI GN AND DEFI NI TI ONS

7.1 Final Unit Object Design. Figure 7 shows the final design
for the Unit Object. This design is based on the OVSC review
docunented in this report and input provided by the MS
community. This design was nom nated in the Standards

Nom nation and Approval Process for placenent into the Arny

St andard Repository System

Unit

getLocation()
getVelocity ()
getlD()

getSide()

- getPosture ()
UnitComponent getStatus ()
getMission ()
getStatus () getEchelon ()
move()
determineAttrition ()

T

0+ 0+ l o+ o+ l o+ o+
UnitGeometry Communications SystemGroup Attrition Logistics c2
getShape () getNet() getQty () causeAttrition () receive() doC2()
getOrientation () setNet() acceptLoses ()
sendMessage () acceptGains ()
receiveMessage ()
or 0+ 0+ 0+ 0+
Intel Platforminfo Platform Maintenance Supply
::g"gfttcoontacts conductMaintenance () || getRemainingCapacity ()
P 0 conductEvacuation () getTotalCapacity ()
conductRecovery () getQtyOnHand ()
expend()
transfer()

Figure 7. OMSC Final Unit Object Design.
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7.2 Unit Object O ass And Conponent Definitions. A detailed
description for each of the conponents and nethods contained in
the Unit (Cbject standard definition is provided bel ow

Class Unit: A “Unit” is any mlitary organization that is
conposed of nultiple entities. Exanples include mlitary
organi zati ons such as a conpany, battalion, brigade, or division

Publ i ¢ Met hods:
getLocation(): Returns the current unit |ocation.
Typically this is the center of nass or sonme other point
| ocation representative of the unit |ocation.
getVelocity(): Returns the current velocity (direction of
novenment and rate) of the unit.
getID(): Returns a string that identifies the unit.
getSide(): Returns the faction or coalition for the
platform There is no inplied enmty between sides.
get Posture(): Returns the unit posture. Exanples of
posture m ght be operational activities |ike road march,
hasty attack, hasty defense, etc.
getStatus(): Returns the unit status. Status is used for
pl anni ng. Exanples m ght include a percent effectiveness
(based on system wei ghts), fraction on hand (nunber on hand
di vi ded by nunber authorized), unit effectiveness state (an
enunerated type based on the percent effectiveness),
relationship with objective (an enunerated type based on
di stance to current objective). There may al so be a status
for fuel and weapons and a status based on eneny fire.
getMssion(): Returns the unit mssion. An exanple is the
current task the unit was ordered to acconplish.
get Echelon (): Returns the unit echelon. Exanples are
battalion, brigade and divi sion.
nove(): Used to advances a unit toward its next |ocation.
determ neAttrition(): Used to calculate the attrition
caused by another unit or platform

Class UnitConponent: A “Unit” is partitioned into |ogical
conponents so that the nodel er can conpose a unit fromvarious
conponents. Conponents may be extended through inheritance.
Al'l of the conponents listed beloww |l inherit the follow ng
met hod fromthis class.

Publi c Met hods:
getStatus(): Returns the status of the unit or conponent.
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Class UnitCGeonmetry. The unit geonetry describes the shape or
footprint of the unit on the ground, the |ayout of systens
within the unit, the unit search area, and unit orientation and
posture. Geonetry may be used for attrition, sensing and
novenent .

Publ i c Met hods:
get Shape(): Returns the bounding shape of the unit.
getOientation(): Returns the general orientation of the
systens within the unit |ocation.

Cl ass SystenGroup. This conponent accounts for individual
systens (or platforns) within the unit.

Publ i ¢ Met hods:
getQy (): Return the nunber of systens of this type in
the unit.
acceptLosses (): Used to decrenent the nunmber of systens
of this type in the unit.
accept@Gins (): Used to increnent the nunber of systens of
this type in the unit.

Class Platform A platformcan be any entity of interest in the
nodel . Exanpl es include vehicles of all types, individuals/
persons, individual systens (i.e., radar systens), a mssile,
etc. The conplete definition for this class is provided in a
separate section

Class Platformnfo: This conmponent contains static information
and/ or data about the various platforns contained within the
unit. Exanples include the gross weight of a vehicle, a
description of the size or type of weapons nounted on the
platform etc.

Class Logistics. This conponent is intended to capture or
represent the internal |ogistics capability and/or requirenents
of the unit. This covers both supply and mai nt enance

requi renents and/or activities.

Publ i c Met hods:
receive(): Used to increnent the quantity of this logistic
conponent .
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Cl ass Supply. A supply conmponent of a unit such as anmunition
cl ass.
Derived from Logistics

Publ i c Met hods:
get Renai ni ngCapacity(): Returns the remaining capacity for
this supply conponent.
get Total Capacity(): Returns the total capacity for this
supply conponent.
transfer(): Used to transfer a quantity of an on hand
supply conmponent to another unit or platform

Cl ass Mai ntenance: A mai ntenance conponent of a unit such as a
repair action.
Derived from Logi stics

Publ i c Met hods:
conduct Mai nt enance(): Used to perform mai nt enance actions
on equi pnent and nedi cal treatnent for individuals.
conduct Recovery(): Used to recover itens froman area of
oper ati ons.
conduct Evacuation(): Used to evacuate equi pnent and/or
i ndividuals to rear areas.

Class C2. This conponent is used for conmand and contr ol
decision making in the unit. A unit may have nore than one
command and control conponent (for itself, for subordinate
units, and for other units).

Publ i ¢ Met hods:
doC2(): Used to initiate a command and control cycle where
command deci sions are nade and control actions initiated.

Class Attrition. The attrition conponent allows the unit to
cause losses to another unit. This is shown as a separate cl ass
because a unit can have nore than one way to inflict danage on
another unit (i.e., direct fire systens, indirect fire systens,
etc).

Publ i ¢ Met hods:
CauseAttrition(): Used for the unit to cause |osses to
anot her unit.
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Cl ass Comuni cations: This conponent provides the ability to
explicitly nodel communicati ons.

Publ i ¢ Met hods:
getNet(): Returns the collection of objects capable of
exchangi ng nmessages.
setNet(): Used to add the unit to the collection of
obj ect s capabl e of exchangi ng nessages.
sendMessage(): Used to send a nmessage on the net.
recei veMessage(): Used to receive a nessage fromthe net.

Class Intel: This conponent provides the ability to explicitly
nodel the intelligence collection process performed by units
with their organic sensor assets.

Publ i ¢ Met hods:
collect(): Used to initiate local detection using the unit
search capabilities.
reportContacts(): Used to report the results of the
coll ect() operation.
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Summary. Object models are an important feature of the United States Department of Defense (DoD)
High Leve Architecture (HLA) and the Defense Modeling and Simulation Office (DM SO) Conceptual
Model of the Mission Space (CMMS). Currently, all major DoD simulations under devel opment use
object-oriented methodologies. The major benefits of object-oriented programming include software reuse,
improved maintainability, interoperability, and rapid prototyping. A set of standard objectsis needed to
establish consistency among future Army models and ssimulations. This paper describes a component
approach proposed for object model standards development.

1. INTRODUCTION

This paper describes a component approach for object-oriented modeling and design which has been
adopted for standards development in the U.S. Army modeling and simulation community. This design
approach directly supports the goals for devel oping object modeling standards by fostering model reuse and
improving model interoperability.

2. BACKGROUND

In May 1997, the U.S. Army Training and Doctrine Command (TRADOC) Analysis Center (TRAC) in
Monterey, California (TRAC—Monterey) began a study sponsored by the Army Modeling and Simulation
Office (AMSO) to support standards development for Army modeling and simulation objects. [1] The
study team was led by amilitary analyst a8 TRAC—Monterey and included a professor and two graduate
students from the Operations Research Department of the Naval Postgraduate School. The study advisory
group included senior analysts from the major Army analytical agencies. The team examined selected
models from existing and future simulations under development in order to provide examples and insights
to support object standards development. The team a so devel oped an approach to object model standards
development, drafted sample standards for platforms (entities) and units, and drafted sample guidelines for
the use of standard objects. The study team determined that object model standards would focus on high-
level abstract classes containing aminimal, essential set of class methods. Rather than specify standard
attributes for classes, get and set methods would signify the data content of standard objects. An important
aspect of the study team recommendations was the component approach to object model standards.

3. APPROACHESTO REUSE
The two main approaches to reuse in object oriented designs are class inheritance and object composition.

[2& 3] Each approach has distinct advantages and disadvantages.

3.1 Inheritance
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Inheritance allows subclasses to extend and speciaize a parent class by adding data and methods, and by
replacing the method implementation of the parent class with a new implementation. Inheritanceis
straightforward since it is directly supported by object oriented languages. Genera classes are placed
higher in the inheritance hierarchy and more specialized objects lower, so several subclasses may reuse the
parent class. Inheritance, however, breaks encapsulation by exposing the parent class implementation to its
subclasses. Implementation changesin the parent class often necessitate changesin subclasses. |1ssues of
multiple inheritance and the requirement for compile-time binding further dilute the value of inheritance for
reuse. Inheritance promotes implementation dependencies. Despite some minor disadvantages, inheritance
is an extremely important feature in object oriented systems. Inheritance of abstract classes provides
common protocols or interfaces in an object-oriented design. This technique ameliorates some of the
pitfalsin the use of inheritance.

3.2 Object Composition

Object composition is the construction of a class using instances of other classes as components. Because
component classes are accessed through their interface (public methods), encapsulation is not broken and
there are significantly fewer implementation dependencies. Object composition is, however, more difficult.
It requires that component classes have well defined interfaces that promote reuse. In addition, objects
must respect these interfaces since no implementation details are exposed. Finaly, object composition
proliferates numerous small component classes since each component class must focus on relatively few
tasks. This often requires many interrelationships among the component classes that would normally be
encapsulated in one larger class.

3.3 The Component Approach to Standards

The component approach to standards favors object composition over classinheritance, but exploits the
advantages of both approaches. With the component approach, classes of interest are constructed by
selecting and implementing abstract component classes. Component classes are implemented and possibly
extended through inheritance. The principle advantage of the component approach to standards over
aternative approaches is it focuses on the development of standard interfaces rather than the construction
of asingle monolithic class hierarchy. If asingle classinterface supports several different implementation
schemes, then the goal of “plug and play” software componentsis achieved. For example, if the same
method signature (set of parameters required to invoke the method) supports several attrition schemes
(Lanchester, Bonder-Ferrd, etc.) then it is possible to substitute one attrition algorithm for another without
making other changes in the simulation.

4. STANDARD M&SOBJECTS

This section provides examples of standard modeling and smulation (M& S) objects developed using the
component approach and discusses the problem of determining the appropriate level of detail for standards
using the component approach.

4.1 Location Class Example

The notion of location is fundamental to most military smulations. There are numerous coordinate
systems used in simulation; each is appropriate for some simulations and not suitable for others. A
common, abstract location object can foster interoperability among simulations that use different
coordinate schemes. In this example (see next page), the Location class abstracts the concept of location
by providing a method to cal culate the distance between locations and to convert to an unspecified standard
location scheme. The Location class has two standard subclasses, Local and Geocentric, which illustrate
the two main competing coordinate schemes. Each provides location through get methods. [4] The
Location classis powerful and flexible. Suppose one has a simulation that uses a network of arcs and



nodes. The distance between nodesis stored in atable and the distance from anode along an arcis
calculated based on the fraction of the arc traversed at the time a distance is requested. The smulation
developer conforms to the standard by simply subclassing the Location class and implementing its
methods.

Localion

distanceFrom()

convert()
[ |
Local Geocentric
getXCoordinate getLattitude
getYCoordinate getLongitude
getZCoordinate getAltitude

Location Class Hierarchy

4.2 PlatformComponent Example

Entity level smulations of combat generally have anotion of platform or entity upon which most militarily
significant actors from individual combatants to tanks to aircraft are based. While the details vary
significantly among various simulations, there are common aspects of all platformsin ailmost all entity
level simulations. The standard platform components are Location, Communications, Movement, Sensor,
Weapon, Carrier, Crew, PlatformFrame and Logistics (with Supply and Maintenance subclasses). These
components are subclasses of the PlatformComponent class that provides getType and getStatus methods to
al components. (Theinterested reader can refer to [4, 5 and 9] for the details of the platform components.)
A simulation devel oper composes platformsin an entity-level smulation using zero or more of each of
components as appropriate. I|mplementation details are | eft to the devel oper, but each component provides
astandard interface into a significant aspect of the entity asillustrated by the Location class described
above. The standard platform components are flexible. The simulation devel oper uses only the
components required in the smulation. If, for example, the crew is not modeled, then that component is
omitted. Thereisno restriction on the number or type of weapons, sensors or communications systems on
the platform.

4.3 Levesof Detail for Standards

The component approach does not solve the problem of determining the appropriate level of detail for
standard classes, but it provides a suitable context for debate on thisissue. The study team used severa
genera rulesto determine if amethod belonged in a standard class. The primary rule was that the method
be essential to support afunction found in almost all simulations where the component would be found.
The study team made a conscious effort to err on the side of proposing minimal standards to avoid creating
alarge burden for the simulation developer. The shared vision was of abstract components as the basisfor
standards. In the approach described, the abstract components are sufficient to assemble a platform that
represents the abstract tank. Further refinement would be required to produce a generic tank and still more
refinement to produce a detailed model of an actual tank. Each level isa possible standard, but the fraction
of simulations which might support the more detailed standardsis rather small.



5. CONCLUSION

The U.S. Army modeling and simulation community is reviewing standard component models for platform
and unit objects which evolved from the study. The Object Management Standards Coordinating
Committee has proposed a general framework for object model development and is actively devel oping
standard component models for avariety of other significant objects found in ground combat simulations.
The component approach to object modeling promotes reuse of models and improves model
interoperability. It focuses on the development of a standard object interface which consists of the
minimum, essential set of abstract class methods in a component.
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Background

The OOA approach chosen by the WARSIM IDT closely follows the Rumbaugh OMT
methodology. The WARSIM IDT extracted nouns and noun phrases from the Operation
Requirements Document (ORD) to identify the object classes required within WARSIM and to
establish traceability back to user requirements. A simplified model of this processisillustrated
in Figure 1. This approach drove the IDT away from the development of afunctionally oriented
class structure, therefore, alot of differences have been noted between the two unit models. As
an example, the WARSIM unit model does not contain functional classes such as Attrition,
Geometry, Logistics, etc. Because of the fundamentally different OOA approaches applied,
these functions are represented within the WARSIM models by attributes and methods. We have
attempted to create abridged representations of both the WARSIM Equipment and Unit models
so that avisual comparison could easily be made. The following sections highlight some of the
differences between the WARSIM and OM SC object models.

Platform Model Crosswalk

There appears to be about an 85 percent or better correspondence between the two object models.
The WARSIM Equipment Model contains all the components of the OMSC standard except for
the Logistics and Maintenance classes. The WARSIM Equipment Model represents logistics
and maintenance as attributes and methods. 1n addition, the WARSIM Equipment Model
contains a Simulated Physical Thing class. The WARSIM Team developed this abstract class as
away of capturing the operations and attributes for any simulated entity on the battlefield that
has a state and is subject to detection and attrition. Figure 2 and Table 1 are provided for visual
comparison between the two models.
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Unit Model Crosswalk

As previoudly stated, the WARSIM team avoided devel oping class structures based on
functionality. Thisfundamental difference in the OOA approach made the comparative
crosswalk difficult. Figure 3 and Table 2 show the correspondence between the OM SC and
WARSIM unit models. About 20 percent or less of the items are the same for each unit model.
However, all OMSC unit model items are represented within the WARSIM unit model. The
most notable differences are that the Equipment model takes care of attrition and the WARSIM
C2 processes shown in Figures 4 and 5. Table 3 provides some definitions for the WARSIM
classes. The below sections provide specific comments on the OM SC unit model.

Unit Class:

There is some concern over the use of the term “sides’. This may inadvertently force usinto the
traditional red Vs blue way of thinking. Conversely, in the WARSIM model an attribute of
alliance has been created to more accurately depict the real-world (we for alliances based upon
common interests and goals). It appears that posture is aterm used for simulation convenience
for abstracting mission and Unit State. There is nothing in doctrine corresponding to posture. A
mission is alarge complex data structure. 1f mission is expected to be an enumerated value in
this model then objects are needed to describe at least a rudimentary plan. An
“executeMission()” isneeded. In WARSIM attrition will not be determined by Unit, rather the
results of combat at the platform level (WARSIM will keep track of platform location and
movement as part of aformation) will be reported to Unit as damage occurs. An assessment
process in Unit will maintain unit composition and status. So the “ determineAttrition” method
would not be used. Also, WARSIM uses heading versus MvmtDirection.

SystemGroup Class:

Within the WARSIM simulation we may have unit instances without Systems groups. Although
units are composed of systems, WARSIM will model equipment separately from their unitsto
provide additional composibility. Thisis different approach from the OMSC unit model.

Geometry Class:

WARSIM uses the term formation rather than shape. Within the WARSIM object model,
formation is an attribute of the Unit class. Again for composibility reasons and based on the
OOA approach used, WARSIM does not have afunctional class like geometry. Within
WARSIM, such aclass might bring about a specific implementation versus being a more genera
representation.
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C2 Class:

WARSIM has avery detailed outline for the C2 process as illustrated in Figure 4 which can be
traced to the doctrinal military decision making process. The OMSC Unit model contains only
doC2.

Attrition Class:

WARSIM will use attrition methods which will be executed by equipment interactions and will
be maintained as part of the Equipment model.

Logistics Class:

Thisishandled by AEQ_Equipment.
Communications Class:

Thisis handled through SMCO.
Conclusion

Although there is a good amount of similarity between the OM SC Platform model and the
WARSIM Equipment model, the approaches used to develop unit object models are
fundamentally different. Thisisnot to say that one approach is better than the other, rather, the
WARSIM focus on satisfying training requirement and the JSIM S Enterprise influence have
driven the development of WARSIM object models.

Recommendation

The WARSIM IDT has expressed interest in getting involved in the OM SC process to develop
Army M& S community standards. Recommend that the OM SC contact the WARSIM IDT and
possibly schedule a future meeting in Orlando. Thiswould provide an opportunity for the
WARSIM IDT to shareinsight into their overall development process and the thought behind
their current object models.
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4. SS provides indication of
contractor understanding of
requirements

Systems Specifications (SS)

Requirements Object Model

1. Writes ORD

3. Contractor writes SS

Operational Requirements
Document (ORD) q Contractor

2. Gives to contractor
as requirements

Fiaure 1

Platform

Type

Status
Location
Side Supply Simulated_Physical_Thing
Assess_Damage

o2& Life_Form_Platform

Sensor Weapon Move Logistics Crew Commo Carrier
Max Rnd Max Rng Velocity Received || Quantity Get_net Load
Orientation Load Change |—| Set_Not Unload
Contact Aim Velocity SndMsg RmnCap
Activate Fire Move_To Supply Maint RecMsg Tot_Cap A
Deactivate Qty_on_Hd |
Rmn_Cap
Total_Cap |Communications_Equipment| | Weapon |
PlatFrm Qty_on_Hd
Expend
FrmComp Movement_Platform ||Cargoicomainer| | Sensor | Computer_System
Fiaure 2
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)

Unit

getLocation ()
getSpeed ()
getMvmtDirection()
getiD()
getSide()
getPosture()
getStatus ()
getMission
getEchelon ()
move()
look()
determineAction ()

0.1 0 0% 0 0% 0 0 0.*
SystemGroup Geometry ICommunications
Attrition Logistics etNe)
getQty () getShape () getNe 0
acceptLose () getOrientatio() causeAittrition () receive() sendMessag()
acceptGaing)) getLocatio () recei 9 0
‘ 0.1
c2
doC2()
Maintenance Supply
getRemainingCapacity ()
getTotalCapacit
getQtyOnHand
expend()

Fiaure 3

ot

AUN_Simulated_Unit

Effectiveness Status

Supporting Unit

Unit Name
Alliance
Echelon

Current Location
Mission
Parent Unit
Superior Unit
Support

AUN_Unit_Organization [
o)

AUN_C2_Resource

I

| AUN_Terrain_Map

AUN_Weather_Map |

| AUN_SMCO_Equipment_Data

AUN_Behawor_Scrlpr"'—C

AUN_Unit_Behavior

Precondition
During Conditions
Post Conditions
Entry Criteria
Exit Criteria
Inputs
Outputs

Create()
Update_Task_Info()
Plan()

Execute()
Suspend()
Resume()
Terminate()

AUN_Military_Behavior

Script List
Load_Behavior
Select Script

| AUN_Fundamental_Behavior |

AUN_Unit_Command_Node
Equipment List
Personnel List

0

AUN_SMCO

AUN_Headquarters_Unit
Subordinate Unit

| AUN_Physical_Behavior |

| AUN_C2_Behavior |

Fiaure 4
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AUN_Unit

AUN_C2_Product

AUN_SMCO

AUN_C2_Resource

AUN_Unit_HCI

AUN_Simulated_Unit

AUN_Agent

Common Modeling Famework
{Provided by JSIMS)
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Table 1. Comparison of Platform Models.

ovisC

WARSI M

Platform

Equipment Platform

Platform Component

Platfor m-Component

L ogistics Maintenance

Attributes and Methods

Supply Supply
Carrier Cargo-Container
Communications Communications-Equipment
Crew Per sonnel-Platform
M ovement M ovement-Platform
PlatformFrame
FrameComponent
Sensor Sensor
Weapon Weapon
Table 2. Comparison of Unit Models.
OvisC WARSI M
Unit AUN Simulated Unit
GetID() Unit Name
GetSide() Alliance
GetEchelon() Echelon
GetStatus() Effectiveness Status
GetL ocation() Current Location
GetMission() Mission
GetSpeed() AUN_C2 Behavior (see Figure 4 for details about
GetMvmtDirection() organi zation)
GetPosture()
DetermineAction()
Move() AUN_Physical_Behavior (see Figure 4 for details
about organization)
Datalook() AUN_SMCO_Equipment_Data passesinfo to

AUN_SMCO
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Table 2

. Comparison of Unit Models Cont.

OMSC WARSIM

SystemGroup AUN_Unit_Command_Node
GetQty()

AcceptlLoses()

AcceptGains()

Platform AUN SMCO

Geometry AUN_C2 Behavior
GetShape()

GetOrientation()

GetL ocation()

C2 AUN_C2 Resource

DoC2()

Attrition AEQ_Equipment sendsinfo to
CauseAttrition() AUN SMCO Equipment Data
L ogistics AEQ_Equipment

Receive()

Maintenance AEQ Equipment

Supply AEQ_Equipment
GetRemainingCapacity()

GetTotal Capacity()

GetQtyOnHand()

Expend()

Communications
GetNet()

SetNet()

SendM essage()
ReceiveM essage()

AUN_SMCO
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Table 3. Definitions.

AEQ_Equipment

Subsystem that maintains equipment and send
information about equipment to
AUN_SMCO_Equipment Data.

AUN_C2 Behavior

C2 fundamental behaviors are the atomic cognitive
behaviors. The military decision making processis
implemented through a combination of C2
fundamental behaviors.

AUN_Physical_Behavior

Physical fundamental behaviors have their effectsin
the equipment csci. All physical action of a unit
occurs through physical fundamental behaviors.

AUN_Unit_Command_Node

This class represents a group of egquipment and
personnel at the lowest modeled echelon level that
functions, and is controlled, as an atomic element.
This means that the unit will behave asasingle
entity. For example, all of the tanks and their crews
of atank platoon will move together in asingle
formation.

AUN_Simulated Unit

Unit class

AUN_SMCO

Unit command nodes have a SMCO. A unit
command node’s SMCO represents the minds of all
the unit command node’ s personnel. Unit
Command Node' s have a specidization class called
Headquarters Unit. A headquarters unit’'s SMCO
not only directs the actions of its own physical
objects, but also commands and monitors
subordinate headquarters units via orders and
reports.

AUN_SMCO_Equipment_Data

Contains information about the equipment.

Simulated Physical_Thing

This object class contains the operations and
attributes for any simulated entity that has a state
and is subject to detection and attrition.
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U S Arny Medical Departnent Center & School
ATTN. MCCS- FF (Ray Devore)
1400 East Grayson
Fort Sam Houston, TX 78234-6175

1 Charli e Leake
JWARS O fice
1555 W1 son Bl vd
Arlington, VA 22209

1 Tom Shook
DVBTTI AC
203 Envi rons Road
Sterling, VA 20165-5805

1 Commandant
USAJFKSWCS
ATTN. AQIK-DT- CD (Dean Rose)
Ft Bragg, NC 28307-5000

10 Conmrander
US Arny Aviation Center
ATTN:  ATZQ TDS- W (Rari ck)
Ft Rucker, AL 36362-5263
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CPT Davi d Di nger

Bl dg. 5G Room 303
DCSSA, HQ TRADCC

Fort ©Monroe, VA 23651

Di rector
US. Arny Materiel Systens Analysis Activity
392 Hopki ns Road
ATTN.  AMXSY-C
AMXSY-CS (Al an Di nsnore, Brad Bradl ey)
AMXSY-J (Pete Ri gano)
AMXSY-DD (3 cys)
Aber deen Proving G ound, MD 21005-5071

Assi stant Secretary of the Arny for Research,
Devel opnent, and Acqui sition

ATTN.  SARD-DO (Ms. Ell en Purdy)

2511 Jefferson Davis H ghway

Arlington, VA 22202-3911

Conmander
Headquarters
U S. Arny Corps of Engineers
Director of Research and Devel opnent
ATTN. CERD-M (M. Jerry Lundien)
20 Massachusetts Avenue, NW
Washi ngton, DC 20312-1000

Commander

U S. Arny Qperational Test and Eval uation
Command

ATTN: CSTE-M (Ms. Sarah W/ son)

4501 Ford Avenue

Al exandria, VA 22302-1458

D rector

U S Arny Cost and Econom c Anal ysis Center
ATTN. SFFM CA-PA (M. Steve Pawl ow)

5611 Col unbi a Pi ke

Fall s Church, VA 22041-5050

Di rector

U S. Arny Concepts Anal ysis Agency
ATTN. CSCA-OS (M. Gerry Cooper)
8120 Whodnont Avenue

Bet hesda, MD 20814- 2797
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2 Conmander, DCSSA
US Arny Training and Doctrine Comand
ATM ATAN-SM (M. Carson/ Angela Wnter)
Fort Monroe, VA 23651-5143

1 Commander, U.S. Arny Material Command
ATTN: AMCRDA-TL (M. Ken Vel ker)
5001 Ei senhower Ave
Al exandria, VA 22333-0001

1 Commander
US Arny Space and M ssil e Defense Command
ATTN. CSSD-BL-SC (M. Troy, Street)
PO Box 1500
Huntsville, AL 35807

1 Commandant, US Arny War Co] | ege
ATTN. AWC- AW (COL Pat Sl attery)
Carlisle Barracks
Carlisle, PA 17013-5050

1 Chi ef of Arny Reserves
ATTN: DAAR- PAE ( CPT Ward Litzenberqg)
Room | D416, Pent agon
Washi ngt on, DC 20310- 2400

1 Di rector
U S. Arny Logistics Integration Agency
ATTN. LOSA-CD (M. M ke Rybacki)
54 M Avenue, Suite 4
New Cunber| and, PA 17070-5007

1 Commander
US. Arny Signal Comand
ATTN. AFSC- PLE-AM (Dr. Leon Spencer)
Fort Huachuca, AZ 85613-5000

1 Commander
U S Arny Forces Conmand
ATTN. AFOP-PLA (MAJ Steve Aviles)
1777 Hardee Avenue, S.W
Fort McPherson, GA 30330-6000

1 Deputy Chief of Staff for Intelligence

ATTN: DAM -1 FT( Ms Marilyn Macklin)
Room 9302, Presidential Tower
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2511 Jefferson Davis H ghway
Arlington, VA 22202
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Conmander

U S. Arny Research Institute for the
Behavi oral and

Soci al Sci ences

ATTN: PERI -1l (Dr. Philip GIllis)
12350 Research Par kway

Ol ando, FL 32826

Ofice of the Chief of Staff, Arny
Progam Anal ysis & Evaluation Directorate
ATTN. DACS-DPM (LTC M ke d ark)

Room 3C719, Pent agon

Washi ngton, DC 20310

Deputy Chief of Staff for Personne
ATTN. DAPE- MR (Dr. Robert Hol z)
Room 2C733, Pent agon

Washi ngt on, DC 20310

Chi ef, National Guard Bureau

ATTN. NGB-ARO- TS (MAJ Gary Har ber)
111 Sout h CGeorge Mason Drive
Arlington, VA 22204-1382

Arny Digitization Ofice

ATTN. DAMO- ADO (Ms. Susan Wi ght)
400 Arny, Pentagon

Washi ngt on, DC 20301

Mlitary Traffic Managenent Conmand
Tansportati on Engi neeri ng Agency ( MTMCTEA)
ATM MITE-SIM (M. Melvin Sutton)

720 Thi mbl e Shoal s Boul evard, Suite 130
Newport News, VA 23606

Commander - i n- Chi ef

U.S. Arny Europe and 7'" Arny
ATTN. AEAGC-TS-F (LTC Howard Lee)
Unit: 28130

APO AE 09114

Commander

HQ USARPAC

ATTN:  APOP-PL (M. Bob Deryke)
Foprt Shafter, H  96858-5100

C-10



APPENDI X C — DI STRI BUTI ON LI ST (Conti nued)

No. of Copies Organi zati on
1 TRAC- WBMR
ATTN. ATRC-WB (Dave Di xon)
WSMR, NM 88002- 5502
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1 Commander
USASTRI COM
ATTN.  AMVSTI - EC (Wesl ey M| ks)
12350 Research Par kway
Ol ando, FL 32826-3276

Conmander

USA Signal Center and Fort Gordon
ATTN. DCD. CAD, M&S Br (Burt Kunkel)
Fort Gordon, GA 30905-5090

1 Di rector
USA Research Laboratory
ATTN:  AMBRL-1S-EW (Ri ck Shirkl ey)
WSMR, NM 88002- 5501

1 PM VARSI M
USA STRI COM
ATTN.  MAJ Frank Rhinesmth
12350 Research Par kway
Ol ando, FL 32826

1 USA CASCOM
ATTN.  ATCL- CAT (Ron Fi scher)
Fort Lee, VA 23801-6000

1 D rector
USACAA
ATTN. CSCA-MD (Julie Allison)
8120 Whodnont Avenue
Bet hesda, MD 20814-2797

1 Di rector
USAEVEES
ATTN.  CEWES-GW K (Ni ki Del i man)
3909 Halls Ferry Road
Vi cksburg, M5 39181-6199

1 TRAC
ATTN.  ATRC- FM ( Pam BI echi nger)
255 Sedgew ck Avenue
Fort Leavenworth, KS 66027-1306
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1 USATEC
ATTN. CETEC- TP (Ken Barnette)
7701 Tel egraph Road
Al exandria, VA 22315

1 TPI O for Synthetic Environnent
Nati onal Sinul ati on Center
ATTN. MAJ M ke Staver
410 Kear ney Avenue’
Fort Leavenworth, KS 66027-1306

7 Def ense Technical Infornmati on Center
8725 John J. Kingman Road, STE 0944
Fort Belvoir, VA 22060-6218

1 Di rector
I nformati on Systens for Conmand, Control,
Communi cati ons, & Conputers
ATTN:  SAI S-PAA-S (LTC Craig Cromnel |)
Room 1C634, Pent agon
Washi ngton, DC 20310

1 Deputy Chief of Staff for Operations and Pl ans
ATTN.  DAMO- ZD (MAJ Bruce Sinpson)
Room 3A538, Pent agon
Washi ngton, DC 20310-0400

1 TRAC
ATTN.  ATRC-FZ (Larry Cantwel|)
255 Sedgwi ck Avenue
Fort Leavenworth, KS 66027-2345
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